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SUPERCONDUCTING WIRE, METHOD OF MANUFACTURE THEREOF AND 
THE ARTICLES DERIVED THEREFROM 



BACKGROUND 

[0001] This disclosure is related to superconducting wire, method of 
manufacture thereof and the articles derived therefrom. 

[0002] Superconducting wires comprising multiple filaments are often used in 
a variety of electromagnetic applications, such as magnets, motors, and transformers. 
Recently, magnesium diboride (MgBa) was found to exhibit superconducting 
properties. It is thought that magnesium diboride may be an alternative to 
conventional superconductors such as niobium-titanium (NbTi) or bismuth, strontium, 
calcium, copper and oxygen (BSCCO) in the 20-30 K and 0-3 T range for the 
fabrication of conductor tapes or wires. One process for the development of 
magnesium diboride wires has been to expose boron filaments to magnesium vapor. 
This process has not resulted in the development of large lengths (greater than 500 
meters) of superconducting wire. It is therefore desirable to develop a method for 
obtaining magnesium diboride wires of lengths larger than or equal to about 350,000 
feet. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] Disclosed herein, is a method of manufacturing a wire comprising 
filling a hole in a metal tube with magnesium; sealing the ends of the tube; deforming 
the tube to increase it length; and contacting the tube with boron to react the 
magnesium with the boron to form superconducting magnesium diboride. 

[0004] Disclosed herein too is a method for making a superconducting wire 
comprising contacting a boron filament, boron tape, or a combination comprising an 
assembly of boron filaments or tapes with molten magnesium to form a magnesium 
diboride wire. 
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[0005] Disclosed herein too is method for making a wire comprising 
contacting a first end of a first superconducting wire with a second end of a second 
superconducting wire, wherein the superconducting wire comprises a superconducting 
filament having a superconducting composition comprising magnesium diboride; 
heating the first end of the first superconducting wire with the second end of the 
second superconducting wire at a point to form a weld, wherein the superconducting 
filament having the superconducting composition is in continuous electrical contact 
with any other part of the superconducting filament after the formation of the weld. 

[0006] Disclosed herein too is a method of manufacturing a wire comprising 
extruding a preform comprising a metal matrix and at least one filament; wherein the 
filament comprises a superconducting composition comprising magnesium diboride to 
form an extruded preform; and wire drawing or swaging the extruded preform to form 
the superconducting wire. 

[0007] Disclosed herein too are articles manufactured using the 
aforementioned method and the aforementioned wire. 

BRIEF DESCRIPTION OF FIGURES 

[0008] The above detailed and other features are exemplified by the following 
detailed description and drawings. Referring to the figures wherein like elements are 
numbered alike. 

[0009] Figure 1 is a schematic representation of a cross-sectional view of the 
superconducting wire; 

[0010] Figure 2 is a schematic representation of side and cross-sectional views 
of a multi-wire cable formed from the superconducting wire; and 

[0011] Figure 3 is a schematic representation of a cross-sectional view of a 
flattened tape formed from the superconducting wire. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0012] Described herein are methods for manufacturing large lengths of 
superconducting wires, wherein the wires comprise filaments of magnesium diboride. 
The filaments are generally welded together to from wires having lengths of greater 
than or equal to about 350,000 feet, preferably greater than or equal to about 500,000 
feet, and more preferably greater than or equal to about 1,000,000 feet. Preferred 
methods of joining are electron beam welding and laser beam welding. 

[0013] The wires may be advantageously formed into other similar electrically 
conducting structures, such as flattened tapes and wound multi-wire cables. 
Applications for superconducting wires are found in electromagnetic devices such as 
superconducting magnets, motors, transformers, and generators. Such 
electromagnetic devices may in turn be incorporated into larger systems, such as, for 
example, a magnetic resonance imaging system. 

[0014] Figure 1 is a schematic representation of a cross-sectional view of one 
exemplary embodiment of the superconducting wire 100. Superconducting wire 100 
includes at least one filament 110 having a superconducting composition. Although 
seven such filaments 110 are represented in the Figure 1, there is no limit to the 
number of filaments 110 contained within superconducting wire 100. In one 
embodiment as shown in the Figure 1, at least a portion of the filaments are 
encapsulated in an optional metal matrix 120, which facilitates the establishment of 
continuous length of superconducting filament. In another exemplary embodiment 
(not shown), the superconducting wire 100 does not have a metal matrix and consists 
essentially of one or more filaments 110 comprising a superconducting composition. 

[0015] As stated above, the filament 110 comprises a superconducting 
composition. The superconducting composition comprises primarily magnesium 
diboride (MgB 2 ), which has a superconducting transition temperature (T c ) of 
approximately 39 K. Magnesium diboride has a supercritical conductivity 
temperature T c that is higher by almost a factor of two of any known non- oxide and 
non-C6o-based compound. The magnesium diboride superconducting composition 
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preferably contains a first superconducting phase of magnesium and boron, but may 
optionally contain other dopants such as a metallic phase support. In an exemplary 
embodiment, the first superconducting phase is magnesium diboride. Alternatively, 
the first superconducting phase can be a solid solution between magnesium diboride 
and another component, such as titanium boride and/or titanium diboride. The 
superconducting compositions can optionally comprise a second superconducting 
phase that has the same or a related crystallographic structure as the magnesium 
diboride and having comparable superconducting properties. 

[0016] The dopants in addition to providing metallic phase support may be 
incorporated for purposes of changing lattice configurations or spacing and/or 
improving superconducting properties. Depending upon the chemical composition of 
the first superconducting phase, useful dopants that may be added include copper, 
gold, silver, magnesium, zinc, lead, cadmium, tin, bismuth, gallium, mercury and 
indium or combinations comprising at least one of the foregoing dopants. In one 
exemplary embodiment, the magnesium diboride comprises additional elemental 
magnesium. The elemental magnesium is generally added because of its inertness. 

[0017] Irrespective of the other components present in the superconducting 
composition, the superconducting composition has a superconducting phase in a 
volume fraction effective to provide superconductivity at an operative critical 
temperature. In one embodiment, the superconducting phase may occupy a volume of 
greater than or equal to about 19 volume percent of the total superconducting 
composition. It is generally preferred for the volume fraction of the first 
superconducting phase to be present in an amount of greater than or equal to about 25, 
preferably greater than or equal to about 35, preferably greater than or equal to about 
50, and more preferably greater than or equal to about 75 volume percent of the total 
superconducting composition. Lower volume fractions of the first superconducting 
phase may also be used in applications where electrical currents are generally 
transmitted over short distances, but where the magnetic properties are of interest. 

[0018] The superconducting wire comprises at least one filament having a 
filament characteristic dimension, wherein the filament is continuous and comprises a 
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plurality of magnesium diboride grains, and wherein the plurality of magnesium 
diboride grains have an average grain size of less than or equal to about 10 percent of 
the filament characteristic dimension. The superconducting wire also comprise a 
metallic matrix surrounding and contacting the at least one filament, wherein the 
metallic matrix is electrically conductive at temperatures below about 20 K and has a 
coefficient of thermal expansion that is substantially the same as or greater than that 
of magnesium diboride. The characteristic dimension is the smallest dimension of the 
filament, such as the diameter of a filament having a circular cross-section, or the 
minor axis of a filament having an elliptical cross-section. 

[0019] In one embodiment, the magnesium diboride grains in the 
superconducting composition has an average size of less than or equal to about 500 
nanometers, with less than or equal to about 300 nanometers preferred, less than or 
equal to about 200 nanometers more preferred and less than or equal to about 100 
nanometers even more preferred. The size as referred to herein is the maximum 
dimension of the grains of magnesium diboride. 

[0020] The metallic matrix material 120 is optional, but when used is 
preferably electrically conductive at cryogenic temperatures (i.e., below about 77 K). 
In order to prevent breakage of wire 100 during cycling between room temperature 
and cryogenic temperatures, the metallic matrix has a coefficient of thermal expansion 
that is compatible with that of the plurality of superconducting composition grains 
that form the at least one filament 110. When metallic matrix 120 has a coefficient of 
thermal expansion that is substantially the same as that of the superconducting 
composition, zero strain is imparted to the at least one filament 110. When metallic 
matrix 120 has a coefficient of thermal expansion that is greater than that of the 
superconducting composition, a compressive stress— which tends to increase the 
critical current of the at least one filament 110 and superconducting wire 1 00 is 
imparted to the at least one filament 110. If metallic matrix 120 has a coefficient of 
thermal expansion that is less than that of the superconducting composition, a tensile 
strain— which tends to decrease the critical current of the at least one filament 110 and 
superconducting wire 100 is imparted to the at least one filament 110. Thus, metallic 
matrix 120 should have a coefficient of thermal expansion that is substantially the 
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same as or greater than that of the superconducting composition. The metal matrix 
generally comprises a material that can withstand the elevated temperatures of the 
heat treatment process. It is preferable for the metal matrix to be electrically 
conductive. The metal matrix comprises copper or a copper alloy, or the metal matrix 
is selected from the group consisting of stainless steel, tantalum, magnesium or an 
oxide dispersion strengthened copper and nickel alloys. 

[0021] The metal matrix may be a tube, a billet, and the like, having holes into 
which the either the superconducting composition or the precursors to the 
superconducting composition (such as magnesium and boron) may be deposited. In 
an optional embodiment, the metal matrix is comprised of copper or a copper alloy, 
with a second metal layer disposed between the superconducting composition and the 
copper. The second metal layer is either a barrier layer or a high resistivity layer. In 
one embodiment, the barrier layer is selected from the group consisting of tantalum, 
niobium, nickel, nickel alloys, iron, tungsten, molybdenum and combinations thereof. 
In another embodiment, the resistivity layer is selected from the group consisting of 
cobalt, manganese, a nickel titanium alloy or a nickel zirconium alloy. 

[0022] If the tube has more than one hole, it is generally desirable for the 
holes to have the same average radius. The radiuses of the individual holes do not, 
however, always have to be equal to another. In addition the holes may have any 
desired geometry. For example while the geometrical cross-section of one hole is 
circular, the other may be elliptical, and so on. The ratio of the radius of any one hole 
to the radius of the tube may be about 0.1 to about 0.99. Within this range, a ratio of 
greater than or equal to about 0.15, preferably greater than or equal to about 0.2, and 
more preferably greater than or equal to about 0.25 is desirable. 

[0023] Filaments having the superconducting composition may be 
manufactured by a number of different methods. In one exemplary method of 
manufacturing the superconducting composition in the form of a wire, the metallic 
tube having at least one cylindrical hole through its length is filled with the 
superconducting composition and is then subjected to a deformation process to reduce 
the cross-sectional area of the tube as well as to increase its length. In an exemplary 
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embodiment, the superconducting composition comprises magnesium diboride. The 
superconducting composition may also consist essentially of magnesium diboride. 
The metallic tube may have any number of non-intersecting holes that extend from a 
first end of the tube through to the second end of the tube and at least one of these 
holes is filled with the superconducting composition prior to the elongation process. 
The first end and the second end of the tube are each located at a diametrical cross- 
section of the tube. It is generally desirable for the particles that constitute the 
superconducting composition to be in electrical communication with at least one other 
particle of the powder prior to the deformation process. 

[0024] The metallic tube containing the magnesium diboride is then sealed 
prior to the deformation. The deformation may involve processes such as extrusion, 
forging, rolling, swaging, drawing, and the like, as well as combinations comprising 
at least one of the foregoing processes. The deformation is conducted to extend the 
length of the tube and to reduce the cross-sectional area. It is generally desirable for 
the change in length per deformation process to be greater than or equal to about 5%, 
based on the original length of the tube. In general a change is length of greater than 
or equal to about 10, preferably greater than or equal to about 50, and more preferably 
greater than or equal to about 100% of the original length is desirable. The 
deformation of the tube is generally conducted in such a manner so as to permit the 
particles of the superconducting composition in the hole to be in continuous electrical 
communication with one another to form the filament 110. 

[0025] The tube is generally deformed to form a superconducting wire having 
a cross sectional area of about 0.1 mm 2 to about 5 mm 2 . Within this range, cross 
sectional areas of greater than or equal to about 0.2, preferably greater than or equal to 
about 0.3, and more preferably greater than or equal to about 0.5, can be used. Also 
desirable within this range are cross sectional areas of less than or equal to about 4.5, 
preferably less than or equal to about 4.2, and more preferably greater than or equal to 
about 3.5. In general, the metal matrix comprises about 20% to about 80% of the 
cross-sectional area of the superconducting wire. Within this range, the metal matrix 
may comprise cross sectional areas of greater than or equal to about 25, preferably 
greater than or equal to about 30, and more preferably greater than or equal to about 
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35%, of the superconducting wire. The metal matrix may also comprise a cross 
sectional area of less than or equal to about 75, preferably less than or equal to about 
70, and more preferably less than or equal to about 65%, of the superconducting wire. 
The wire may be further flattened to a tape or film if desired. 

[0026] Following the deformation process, the wire, tape or film may be heat 
treated to improve the superconducting properties and/or the mechanical properties. 
The heat treatment process involves the heating the wire to a temperature of greater 
than or equal to about 600°C, preferably greater than or equal to about 800°C, and 
even more preferably greater than or equal to about 900°C. The time period for the 
heat treatment is about 1 to about 6 hours. The preferred period for the heat treatment 
is greater than or equal to about 2 hours. In general, the wire upon cooling provides 
the resulting superconducting composition with the composite structure effective for 
displaying superconducting properties. 

[0027] In another exemplary method of manufacturing the superconducting 
wire, a metallic tube having at least one hole is filled with magnesium and boron 
along with any other desired dopants. An exemplary ratio of magnesium with respect 
to boron is a ratio of greater than 1 :2. Dopants that may be used are copper, gold, 
silver, magnesium, zinc, lead, cadmium, tin, bismuth, gallium, mercury, indium or 
combinations comprising at least one of the foregoing metals. The tube is then sealed 
and subjected to deformation, as noted above, to produce a superconducting wire. 
The superconducting wire is then heat treated to temperatures of greater than or equal 
to about 700°C to produce the magnesium diboride in the wires. As noted above, the 
superconducting wires may be drawn into films, tapes, and the like. 

[0028] In yet another exemplary method of manufacturing the 
superconducting wire, a suitable metallic tube in the form of a billet having at least 
one hole is filled with magnesium rods, pellets, powder, particles, flakes, and the like. 
Dopants such as those listed above may also be added into the hole along with the 
magnesium rods, pellets, powder, particles, flakes, and the like. The metallic tube is 
preferably of a metal that does not form a boride upon exposure to boron. In addition 
the metallic tube is preferably of a metal that permits the diffusion of boron through it 
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within a reasonable time period. Suitable examples of the metal used in the metallic 
tube (billet) for this manner of manufacturing the superconducting wire are a copper 
alloy, stainless steel, tantalum, magnesium or an oxide dispersion strengthened copper 
and nickel alloys. 

[0029] The metallic tube containing the magnesium is then sealed and 
subjected to deformation to produce a wire having a reduced cross-sectional area and 
increased length. It is desirable for the magnesium in the wire to exist in the form of a 
continuous filament having a length equal to that of the wire. This permits the 
formation of a filament having a superconducting composition through the entire 
length of the wire upon exposure of the wire to boron. 

[0030] In order to form the superconducting composition, the wire containing 
the magnesium filament is contacted with boron to permit the diffusion of boron into 
the metal and eventually upon heat treatment of the magnesium wires to form a 
superconducting composition comprising magnesium diboride. A preferred method 
of contacting the boron with the wire is by exposure to boron or to boron containing 
compounds. In one method of achieving this, the wire containing the magnesium 
filament is packed into a metal box (e.g., iron box) containing a powder mixture 
which comprises a boron releasing substances, activating materials and optional 
refractory extenders. This process is called boronizing. The sealed boxes are heat 
treated for a certain period, wherein the desired magnesium boride is formed as the 
result of a reaction between the boron that has diffused through the metal matrix and 
magnesium. Boron-releasing substances, which may be considered for use as 
boronizing agents, are amorphous and crystalline boron, ferroboron, boron carbide 
and borates such as borax. Suitable activating substances are chloride or fluoride 
releasing compounds such as alkali metal and alkaline earth metal chlorides or 
fluorides. Fluoroborates, such as in particular, potassium tetrafluoroborate, are 
particularly widely used as activators. Boronizing is generally conducted at 
temperatures of about 800 to about 1,100°C, in particular at about 850 to about 
950°C. It is generally desirable to permit the diffusion of an amount of boron into the 
metal matrix effective to produce a magnesium to boron ratio of greater than 1 :2. 
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[003 1 ] While the boron may eventually diffuse through the metal matrix and 
react with the magnesium filament during the contacting step, an optional additional 
heat treatment may be performed in order to facilitate the further diffusion of boron to 
the magnesium filament. The boron will generally diffuse through the matrix into the 
magnesium filament and react with it to produce the superconducting composition. It 
is generally desirable to conduct the heat treatment at temperature of greater than or 
equal to about 600°C for a time period of greater than or equal to about 1 hour so that 
a continuously superconducting filament having the superconducting composition is 
formed. It is generally desirable for the superconducting wire to have the ability to 
continuously superconduct electricity from a first end to the second end and also for 
the length of the superconducting filament to be at least equal to or greater than the 
distance from the first end to the second end of the superconducting wire. In yet 
another embodiment related to the manufacturing of the superconducting wires, any 
of the aforementioned methods of preparing the wire may be combined to either 
produce the wire or to improve its properties. 

[0032] As disclosed above, superconducting wires that do not have the metal 
matrix may also be welded into large extended sections having total lengths of greater 
than or equal to about 350,000 feet. In order to achieve this, the superconducting wire 
having a superconducting composition is first manufactured without a metal matrix. 
In this method of manufacturing the superconducting wire, a boron substrate is 
exposed to either magnesium vapors or molten magnesium in an appropriate reactor 
to form a superconducting composition that substantially comprises magnesium 
diboride. In one embodiment, the superconducting composition consists essentially of 
magnesium diboride, while in another embodiment, the superconducting composition 
consists of magnesium diboride. 

[0033] As stated above, in one method of manufacturing a superconducting 
wire without a metal matrix, a boron substrate in the form of a filament, tape, film, 
and the like, may be purchased commercially and either placed in a reactor or 
continuously fed through a reactor containing magnesium vapors. The process may 
be either a batch process or a continuous process. In one embodiment, the boron 
substrate may contain suitable dopants if desired or the dopants may be introduced 
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into the boron substrate by contacting the substrate with the magnesium vapors. In 
another embodiment, the boron substrate may contain some of the dopants, while 
other dopants may be introduced into the substrate in vapor form by contacting the 
substrate with the dopant vapors. In yet another embodiment, the boron substrate may 
either be dopant free or contain only a small proportion of the desired dopant 
concentration, while the substrate is intermittently contacted with the magnesium or 
the dopant in vapor form to create the superconducting composition. The weight ratio 
of magnesium vapor to boron is preferably at least greater than or equal to about 1 :2. 
The magnesium reacts with boron upon contacting it to form the superconducting 
composition. The superconducting composition may then be removed from the 
reactor and subjecting to welding. 

[0034] In one exemplary method of manufacturing the superconducting wire 
by the aforementioned method, the magnesium vapor is either introduced into the 
reactor under pressure or is pressurized after being fed into the reactor. The 
application of pressure, while being optional, generally facilitates an efficient 
diffusion process and also prevents the loss of magnesium due to its low vapor 
pressure while in the vapor form. The pressure in the reactor may be varied in an 
amount of about 1 to about 100 kilogram per square centimeter (kg/cm 2 ). The reactor 
is preferably maintained at a temperature of about 800 to about 1,550°C depending 
upon the pressure. In general, a lower pressure (i.e., below atmospheric pressure) 
may be used when the reaction is conducted at a temperature of about 800°C, while a 
pressure equal to ambient atmospheric pressure may be used at temperatures of about 
1550°C. 

[0035] In yet another method for manufacturing the superconducting wire, a 
boron substrate in the form of a filament, film, tape, and the like, is contacted with 
magnesium liquid in at least one molten magnesium bath. The magnesium liquid may 
be contacted with the boron substrate at a temperture of about 650 to about 1090°C. 
In one embodiment, the magnesium liquid may be contacted with the boron substrate 
either continuously or intermittently. In other words, the process for making the 
superconducting composition may be either a batch process or a continuous process. 
In another embodiment, either the boron substrate or the molten magnesium may 
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contain additional dopants in amounts effective to facilitate the development of 
superconductivity in the substrate. The molten bath may be pressurized if desirable, 
and may also contain an inert gas such as argon, nitrogen, or the like, to prevent 
oxidation of the magnesium or boron. 

[0036] In yet another embodiment, related to the manufacture of the 
superconducting wire using either magnesium vapor or molten magnesium, a boron 
substrate may be introduced into a series of reactors, wherein each reactor may 
contain one or more of the magnesium vapors, molten magnesium, dopant vapors or 
molten dopant as is desirable. For example, a portion of the boron substrate may be 
introduced into a first reactor containing a magnesium vapor, followed by the 
introduction of the same portion of the substrate into a second reactor containing 
molten magnesium. The terms “first” and “second” as used herein are not used to 
indicate the order of the contacting but rather to indicate the use of different reactors. 
The aforementioned method of manufacturing the superconducting wire using a series 
of reactors may also be conducted as a batch process or in a continuous process. 

[0037] While the boron substrate in either of the aforementioned methods may 
be of any desired length and have any desired characteristic dimension, it is generally 
desirable for the length of the substrate to be greater than or equal to about 1,000 feet, 
preferably greater than or equal to about 10,000 feet, preferably greater than or equal 
to about 12,500, and more preferably greater than or equal to about 15,000 feet. A 
suitable characteristic dimension is about 1 micrometer to about 1000 micrometers. 
Within this range it is generally desirable to have a characteristic dimension of greater 
than or equal to about 2, preferably greater than or equal to about 5, and more 
preferably greater than or equal to about 8 micrometers. Also desirable within this 
range is a characteristic dimension of less than or equal to about 900, preferably less 
than or equal to about 800 and more preferably less than or equal to about 500 
micrometers. 

[0038] Following the manufacturing of the superconducting wire by any of the 
aforementioned methods, or other known methods, the wire may be welded or 
diffusion bonded to produce a continuous length of superconducting wire having a 
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length at least equal to the sum of the lengths of each of the superconducting wires 
that are welded together. In one embodiment, the joining a first superconducting wire 
to a second superconducting wire produces a superconducting wire having a length 
greater than or equal to the length of the first superconducting wire or the length of 
the second superconducting wire. 

[0039] Diffusion bonding is a solid phase process achieved via atomic 
migration with no macro-deformation of the portions of the superconducting wire to 
be bonded. Initial cleanliness of the superconducting wires is desirable. Surface 
roughness values of less than 0.4 microns are desirable and the samples must be 
cleaned in acetone prior to bonding. Pressure may be used if desired to effect the 
diffusion bonding. 

[0040] In one embodiment, the joining involves contacting a first end of a first 
superconducting wire with a second end of a second superconducting wire, wherein 
the superconducting wire comprises a superconducting filament having a 
superconducting composition comprising magnesium diboride; heating the first end of 
the first superconducting wire with the second end of the second superconducting 
wire at a point to form a single wire, wherein the superconducting filament having the 
superconducting composition is in continuous electrical contact with any other part of 
the superconducting filament. The point at which the two wires are heated may be a 
single spot or it may be a section at which the two wires overlap. The joint may be a 
spot weld or a butt weld, or any other kind of weld desired. 

[0041] In one embodiment, it is generally desired to join the superconducting 
wire in a manner effective to have at least one electrically continuous superconducting 
filament of a length greater than or equal to the length of the joined superconducting 
wire. In another embodiment, it is desirable to join the superconducting wire in a 
manner effective to have at least one electrically continuous superconducting filament 
of a length less than or equal to the length of the joined superconducting wire. 

[0042] The joining is generally carried out using at least one source of energy, 
such as, the energy provided by a beam of light, wherein the energy provided by the 
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source is directed at those portions of the superconducting composition that are to be 
joined together. The interaction of the energy with the superconducting composition 
facilitates the heating of the composition, and this increase in the temperature may be 
advantageously utilized to facilitate the joining of the superconducting composition. 
Preferable methods of joining are electron beam welding, laser welding, ultrasonic 
welding, plasma arc welding, resistance welding and the like. 

[0043] In the process of joining a superconducting wire having a metal matrix, 
the metal matrix is first removed to expose the superconducting composition in the 
superconducting wires that are to be joined. The metal matrix may be removed by 
methods such chemical etching, mechanical abrasion such as polishing and grinding, 
thermal treatments such as melting of degradation, or the like, or combinations 
comprising at least one of the foregoing methods. Following the removal of the metal 
matrix, the exposed ends of the superconducting filament may be optionally cleaned 
with a solvent if desired. The exposed portion of the superconducting filament is then 
heated by contacting it with a source of energy such as an electron beam, laser beam, 
plasma arc, resistance heating and the like. The heated portions of the 
superconducting filaments are then joined together and cooled to form a weld. In one 
embodiment, the heated superconducting filaments are joined together under pressure. 
In another embodiment, the joining is generally conducted in an inert atmosphere to 
prevent oxidation of the superconducting composition in the superconducting 
filaments. 

[0044] In another embodiment, after the metal matrix is removed from the 
ends of the superconducting wire to be joined, the two ends are brought together to 
form an overlapping section of superconducting wire. A filler material comprising 
either magnesium diboride powder or a combination of magnesium powder and/or 
boron powder is placed on the overlapping section of the superconducting wire. 
Dopants may be optionally added to the overlapping section. The overlapping section 
is then joined using one of the aforementioned joining methods to form a continuous 
section of the superconducting filament. 
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[0045] In yet another embodiment, the overlapping section comprising the 
exposed ends of the superconducting filaments along with a filler material comprising 
magnesium powder and boron powder are resistively heated. The heating promotes a 
chemical reaction between the magnesium and the boron to produce magnesium 
diboride. The magnesium diboride may be used to facilitate the joining of the 
superconducting wire. 

[0046] In one embodiment, the joining generally occurs at a temperature of 
about 650 to about 1000°C. Within this range, a temperature of greater than or equal 
to about 700, preferably greater than or equal to about 725, and more preferably 
greater than or equal to about 750°C, may be used. Also desirable are temperatures of 
less than or equal to about 950, preferably less than or equal to about 900, and more 
preferably less than or equal to about 875°C. An exemplary temperature is about 795 
to about 850°C. 

[0047] It is generally desirable to perform the joining in a manner so as to 
obtain a "bridge superconducting cross section" between the first end of the first 
superconducting wire and the second end of the second superconducting wire. When 
the bridge superconducting cross section is less than the superconducting cross 
section on the filament or the tape, the bridge superconducting cross section limits the 
current carrying capacity in the connected superconducting elements. Therefore, the 
bridge superconducting cross section is, preferably, at least as large as the 
superconducting cross section on the filament or the tapes. 

[0048] The current carrying capacity of a formed joint can be tested by 
soldering voltage probes to the superconducting filament tape on both sides of the 
weld. The joint is cooled below the critical temperature of the superconductor and 
increasing amounts of current are passed through the weld while the voltage change 
between the probes is monitored. The current at which a sufficient voltage change is 
detected, e.g., about 0. 02 microvolts, is the critical current. If the current carrying 
capacity in the weld is less than the current carrying capacity in the filament and/or 
tape, the number of bridges or size of the bridges can be increased in the joint to form 
a larger bridge superconducting cross section. 
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[0049] For example, a predetermined number of spot welds are used to form a 
superconducting joint by this method. If the joint has a lower current carrying 
capacity than the adjacent tape, the number of spot welds can be increased in the joint 
to provide a higher superconducting bridge cross section. A sufficient number of spot 
welds can be formed so that the current carrying capacity of the joint exceeds the 
current carrying capacity of the adjacent superconducting filament and/or tape. 

[0050] A preferable bridge formation is diagonal across the exposed sections. 
For example, when a bridge is formed by resistance seam welding across the width of 
the exposed sections, preferably the resistance seam weld is formed diagonally across 
the width of the exposed sections. As a result, when the superconducting joint is 
formed current transfers from one tape to the other at various points across the width 
of the tape. This prevents the need for the current to transfer at a single point across 
the width where the superconducting bridge cross section at that point will have to be 
at least the superconducting cross section in the adjoining tapes, or the joint will limit 
the current carrying capacity of the overall conductor. 

[0051] Pressure may optionally be used to effect the joint and the amount of 
pressure used is generally dependent upon the geometry of the joint. The joined 
filaments of the superconducting wire may be optionally subjected to additional post 
joining heat treatments to improve the superconducting properties of the joint. The 
post joining heat treatments are conducted at temperatures of greater than or equal to 
about 600, preferably greater than or equal to about 700, and more preferably 900°C, 
for a time period of about 1 to about 6 hours. 

[0052] As stated above, these methods of joining may be effectively used to 
create extended sections of the superconducting wire that may be advantageously 
used in electrically conducting structures, including, but not limited to, flattened 
tapes, laminated wires formed from multiple wires, and wound multi-wire cables. 
Schematic views of multi-wire cable 200, flattened tape 300, and laminated wire 400 
formed from superconducting wire 100 are shown in Figures 2 and 3, respectively. 
Applications for superconducting wire 100 are found in electromagnetic devices such 
as, but not limited to: superconducting magnets for motors, transformers, and 
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generators. Such electromagnetic devices may in turn be incorporated into larger 
systems, such as, for example, a magnetic resonance imaging system. 

[0053] While the invention has been described with reference to exemplary 
embodiments, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may be 
made to adapt a particular situation or material to the teachings of the invention 
without departing from the essential scope thereof. Therefore, it is intended that the 
invention not be limited to the particular embodiment disclosed as the best mode 
contemplated for carrying out this invention, but that the invention will include all 
embodiments falling within the scope of the appended claims. 

[0054] What is claimed is: 
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